Abstract: Salinity tolerance has been extensively studied in Oryza sativa, but little is known about the salt tolerance levels in Oryza glaberrima and the interspecifi c progenies including New Rice for Africa (NERICA). In this study, the salinity tolerance of the three cultivated rice species, O. glaberrima (54 genotypes), the interspecifi c progenies (21) including NERICA (7) 
Oryza glaberrima Steud., African rice, is cultivated on a small scale along the Niger River in West Africa (Chang, 1976; Sano, 1983) , where it has been domesticated for more than 3,500 years (Linares, 2002; Semon et al., 2005) . Some farmers in the region prefer this indigenous species for its unique characters such as weed competitiveness, low input responsiveness, drought tolerance and resistance to African gall midge and yellow mottled virus (Jones et al., 1997; Jones, 2004; Sarla and Mallikarjuna Swamy, 2005) . However, because of its high grain shattering and lodging susceptibility, O. glaberrima yields are relatively low, and most varieties have been replaced by high yielding, nonlodging Oryza sativa L. (Dingkuhn et al., 1998; Dingkuhn et al., 1999b) , though it has poor tolerance to common pests in Africa (Dingkuhn et al., 1999a; Semagn et al., 2007) . Recent crosses between O. glaberrima and O. sativa species by Africa Rice Center have resulted in the development of interspecific progenies called NERICA (New Rice for Africa) which possess the best traits of both parents (Jones et al., 1997) . NERICA was developed to increase the rice yield and income of rural households in sub-Saharan Africa, so its cultivation has been spreading rapidly across the continent. This interspecifi c species is now cultivated in 13 countries in West Africa, Central Africa, and East Africa (Rodenburg et al., 2006) .
In arid and semiarid regions, salt often accumulates within surface soil layers due to less precipitation for leaching. Salinity imposes ionic and osmotic stresses on plants thereby reducing the plant photosynthetic rate, growth and yield. Decreased photosynthetic rate result from the closure of stomata, that is, induced by osmotic stress, or from salt-induced damage to the photosynthetic apparatus (Moradi and Ismail, 2007) .
Rice is an important grain crop worldwide but is sensitive to salinity. However, there exist genotypic differences among rice genotypes in the response to salinity (Zeng, 2005) . Seedling and fl owering stages are most sensitive to salinity stress (Lutts et al., 1996; Gregorio et al., 1997) . Under saline conditions, seedling growth is inhibited, resulting in reduced biomass production (Aslam et al., 1993) or even in complete death. Although salinity tolerance has been extensively studied in O. sativa (Yeo et al., 1990; Shannon et al., 1998) , scientific literature concerning the potential salt tolerance of O. glaberrima and NERICA is not reported so far.
The objectives of this study were therefore to elucidate the levels of salinity tolerance of O. glaberrima and NERICA (the interspecifi c progenies) in comparison with O. sativa based on biomass production under salt condition at the seedling stage, with special emphasis placed on the response of NERICA and its parent cultivars.
Materials and Methods
Salinity tolerance of the rice species was evaluated three different experiments conducted in 2007 at Nagoya University, Japan. The first experiment (Exp. 1) was designed to assess biomass production in a NaCl-salinized solution at the seedling stage in three rice species. A total of 116 genotypes of O. glaberrima, interspecific progenies and O. sativa were used and the majority were those grown in West African region, especially in Guinea, although some salt tolerant cultivars from Asia were included (Table 1) . The second experiment (Exp. 2), was also conducted in a culture solution,and was designed to assess the growth of NERICA4, as the representative cultivar of the interspecifi c progeny, and the parent cultivars of all the NERICA lines tested in this paper, CG14 (O. glaberrima parent) and WAB56-104 (O. sativa parent), under different salinity conditions. These genotypes plus three another genotypes were evaluated further in the third experiment (Exp. 3) conducted in pot soil to assess their responses to salinity in terms of biomass production and gas exchange at the vegetative growth stage. The plants were grown in a growth chamber for Exp. 1 and Exp. 2 and greenhouse for Exp. 3.
Three species comparison (Exp. 1)
In Exp. 1, 54 genotypes of O. glaberrima, 21 genotypes of interspecifi c progenies and 41 genotypes of O. sativa were grown in half-strength Kimura B solution supplemented with 0 (control) or 80 mM NaCl in three replicate experiments. Seeds were soaked in water for 24 hr, planted in Petri dishes and incubated at 30ºC for 48 hr in darkness to enhance germination and the development of the radicle and plumule. Prior to soaking, the seeds of O. glaberrima genotypes were kept in an oven at 49ºC for fi ve days to break seed dormancy, and then peeled to facilitate seed imbibition. Pre-germinated seeds were sown by inserting the radicle in each hole of a nylon mesh fl oated on tap water culture in 12 L (35 cm length ×25 cm width ×12 cm height) plastic trays arranged in pairs, one for NaCl treatment and the other as a control. Seven plants each of 12 genotypes were grown in each tray. At 3 d after sowing (DAS), when the seedlings had fully established, the water was replaced with the solution culture. Salt stress was imposed at 10 DAS by adding 80 mM NaCl to the culture solution. The culture solution was renewed every three days and the pH was adjusted to 5.5 by adding hydrochloric acid or sodium hydroxide. The experiment was conducted in the growth chamber with air temperature set at 30/25ºC day/night, relative humidity between 50 and 75%, photoperiod of 12 hr, and average photosynthetically active radiation of 430 μmol m -2 s -1
. At 20 DAS (10 d after stress imposition), the plants were harvested by sampling three plants from each replicate experiment. They were separated into shoots and roots, and each were oven-dried at 80ºC for 72 hr to determine the shoot and root dry weights. The root dry weight of O. Sativa was measured only for representative 12 cultivars because the measurement was time-consuming. The 12 cultivars were regarded as the representatives from the results of our former study on tolerance to soil compaction by Nakamura et al. (2006) .
Comparison between NERICA and parents (Exp. 2)
NERICA4 and its parents CG14 and WAB56-104 were grown under different NaCl at different concentrations to compare salt tolerance between the progeny and parents. In this experiment, NERICA4 was selected to represent the NERICA group because it measured the highest relative shoot biomass among the seven NERICA genotypes evaluated in Exp.1. The genotypes were evaluated using the same nutrient solution culture as for exp. 1 containing NaCl at fi ve concentrations (0, 25, 50, 75, or 100 mM), to compare in detail the growth response of the three genotypes. Seedlings were cultured in 6 L (25 cm length ×19 cm width ×15 cm height) plastic trays. As in Exp. 1, the seedlings were grown in NaCl-free culture solution for 10 d and then in the solution with NaCl under normal culture and the last half under the different NaCl concentrations. The growth conditions and data collection procedures were similar to those for Exp. 1.
Responses to salt stress in the the vegetative stage (Exp. 3)
Growth and physiological responses to NaCl of six rice genotypes were assessed du the vegetative stage from 32 to 52 DAS in the pot experiment under greenhouse conditions. The genotypes included CG14 and Mala noir IV (O. glaberrima), NERICA4 and WAS161-B-6-B-3-1B (interspecifi c progenies), and WAB56-104 and Pokkali (O. sativa). The two interspecific progenies had the highest relative shoot biomass in their group in Exp. 1, therefore we selected them for evaluation along with their parents cultivars CG14 and WAB56-104. Mala noir IV is one of the famous O. glaberrima genotypes cultivated in inundated areas of Niger River in Niger; while Pokkali was used as the Table 1 shows the origin and the ecotypes of 116 rice genotypes evaluated in Exp. 1. The relative shoot and root dry weights of each genotype were listed in Table 2 . The range of the relative shoot dry weight were 0.30−0.94 in O. glaberrima, 0.60−0.95 in the interspecific progenies, and 0.40−0.98, in O. sativa (Table 2 ). The shoot and root growth of the three rice species as affected by NaCl stress are summarised in Table 3 . The relative shoot dry weight of the interspecifi c progenies was signifi cantly higher than that of O. glaberrima and O. sativa species. However, the relative root dry weight of the interspecifi c progenies was salt tolerant check cultivar.
Results

Three species comparison (Exp. 1)
Plants were grown in pots 19.5 cm in height and 16.0 cm in diameter, each fi lled with 4 kg of soil. The soil was classified as sandy loam with 6.8% clay, 20.9% silt and 72.3% sand, and had a neutral pH value of 7.02. The experiment was a factorial design with 108 pots, 2 salt levels ×3 stress durations ×6 genotypes ×3 replicates. Pregerminated seeds were sown in moist soil in pots on 1 July 2007. Six seeds of each genotype were sown in three hills (with two seeds per hill) per pot and seedlings were thinned at 7 DAS to leave one plant per hill (three plants per pot). Salt stress was given from 22 DAS, and the water levels in the pots were maintained at approximately 5 cm above the soil surface until the plants were harvested. Before sowing, 83, 111 and 97 mg kg -1 soil of N, P and K, respectively, were applied mixed with the soil in each pot. The same amount of fertilizer was applied as topdressing at 22 DAS. These low rates were considered safe for the O. glaberrima genotypes which, in other earlier experiments and seed multiplication pots, appeared sensitive to fertilizer burn at the seedling stage. The average maximum and minimum temperatures in the greenhouse during plant growth were 37ºC and 25ºC, respectively.
Leaf photosynthetic rates and transpiration rates were measured with a portable photosynthesis system (LI-6400, Li-Cor Biosciences, Lincoln, NE, USA). The measurements were taken between 0900 and 1200 on the youngest, fully expanded leaf, measuring three plants per replicate. Data were collected at 20 d after stress initiation and, immediately after the collection, shoot samples were harvested for dry matter determination. The harvested samples were oven-dried at 80ºC for 72 hr. Subsequently, the shoot dry weights were measured. Instantaneous water use efficiency (i WUE) was calculated as the ratio of the instantaneous rate of CO 2 assimilation to transpiration at the stomata (Condon et al., 2002) .
Statistical analysis
Tukey's multiple range test was used for the comparisons of the growth parameters measured among the treatments in Exp. 1. Two or Three-way analyses of variance (ANOVA) were performed for Exps. 2 , 3. The distribution of the relative shoot dry weight value in the three rice species evaluated in Exp. 1 is presented in Fig. 1 . The data indicated a high variation in the relative shoot dry weight values especially in O. glaberrima, and to some extent in O. sativa. The interspecific progenies, however, exhibited the least variation, and virtually clustered on the right, indicating a higher degree of tolerance to the NaCl salinity. Fig. 2 shows the shoot and root growth of NERICA4 and its parents CG14 (male) and WAB56-104 (female) in the solution with NaCl at various concentrations. Based on the analysis of variance, the effects of salinity and genotype, and their interaction were highly signifi cant for both the shoot and root growths. At each NaCl concentration, the shoot dry weights of NERICA4 and WAB56-104 were similar to and signifi cantly higher than that of CG14. No statistically signifi cant reduction in the shoot dry weight of WAB56-104 was observed by Turkey's multiple range test even at the highest salt concentration of 100 mM, although there was a tendency of reduction. At the lowest concentration of 25 mM, the shoot dry weights of NERICA4 and WAB56-104 were even higher than that under the respective controls (0 mM). To the contrary, CG14 showed progressive reduction in the shoot dry weight with the increase in NaCl concentration, except at 70 and 100 mM concentrations where the growth was poor and nearly constant. Under the highest NaCl concentration, the shoot growth in CG14, WAB56-104 and NERICA4 was reduced to 47, 82 and 85% of the control, respectively.
Comparison between NERICA and parents (Exp. 2)
The root dry weight generally showed the same trend as that of the shoot dry weight (Fig. 2) , decreasing in all the genotypes with increases in the NaCl concentrations, except in NERICA4 at 25 mM concentration. The growth reduction by the salt stress in the root was much higher than that in the shoot. Overall, these results showed that the salt tolerance of NERICA4 was similar to that of WAB56-104, and higher than that of CG14. Table 4 shows the shoot dry weight of the six rice # Ratio of 80 mM to 0 mM NaCl treatment. ***, **, * significant at P <0.001, <0.01 and <0.05, respectively. genotypes grown under 80 mM NaCl stress for 10, 20 or 30 d. Based on the analysis of variance, the overall effects of salinity, salinity stress duration, genotype and their interactions were signifi cant on the shoot dry weight. At 10 d after exposure, the relative shoot dry weight was the highest in Mala noir IV (38%) and Pokkali (37%), and lowest in CG14 (23%). WAB56-104 and NERICA4 exhibited an intermediate performance. At 20 d, the relative shoot dry weight was the lowest in CG14 (14%), and was between 18 and 22% in the other genotypes. At 30 d, at the end of the experiment, CG14 and Mala noir IV, were severely affected and eventually killed after being exposed to the longest salt stress duration. Pokkali, at this stage, had the highest relative shoot dry weight (20%), almost three times higher than that of CG14 and Mala noir IV. The responses of photosynthetic rate, transpiration rate and i WUE of rice genotypes to 20-d NaCl salt stress are presented in Table 5 . Salt stress signifi cantly reduced the photosynthetic and transpiration rates, but increased i WUE in all the genotypes. The interaction between salinity and genotype was signifi cant for the transpiration rate, but not for the other two parameters. The rice genotypes CG14 and Mala noir IV were most affected by the salinity stress compared with the other genotypes, WAB56-104, NERICA4, WAS161-B-6-B-B-3-1B, and the salt tolerant Pokkali.
Salt stress at the vegetative stage (Exp. 3)
Discussion
This study is the fi rst comparative study on salt tolerance of the three cultivated rice species. The results indicated higher shoot and root growth rates in the interspecific progenies as compared with O. sativa and O. glaberrima (Table 3) , which indicates a high salt tolerance of the interspecifi c progenies. Salt tolerance is generally defi ned as the fraction of growth under saline conditions as compared with growth under nonsaline conditions. The high relative shoot and root biomass values of the interspecifi c progenies indicates that this species sustained satisfactory growth under salinity stress, suggesting that the species has some mechanisms for salt stress tolerance. The results also revealed that the salt tolerance level of NERICA4, an interspecifi c progeny, was similar to that of its O. sativa parent WAB56-104 and higher than that of its O. glaberrima parent CG14 (Fig. 2) . Since the interspecifi c group is the product of the crosses between the O. sativa and O. glaberrima species (Jones et al., 1997) , some of the genotypes in this group may have acquired mechanisms for salt tolerance from the O. sativa parent. There exist genotypic differences in salt tolerance among O. sativa genotypes (Zeng, 2005) . Our result suggested that some salt-tolerant interspecific progeny produced from the crosses between CG14 and WAB56-104 have acquired its salt tolerance from the O. sativa parent. There is currently little information on the salt tolerance of the interspecifi c progenies and O. glaberrima. Further studies are needed to generate sufficient evidence regarding the salt stress tolerance of these two species.
In Exp. 2, increases in NaCl stress duration significantly reduced the growth of the six rice genotypes tested (Table 4) . The reduction in plant biomass was attributed to retard plant growth due to the combined effects of ionic and osmotic stresses imposed by NaCl salt (Nakamura et al., 2004; Moradi and Ismail, 2007) . In fact, plants of O. glaberrima genotypes, CG14 and Mala noir IV, were severely affected and eventually killed after being exposed to the longest salt stress duration of 30 d. Other genotypes including NERICA4 and WAB56-104 were also affected but survived the prolonged salt stress treatment. As such, biomass production under the salt treatment was very low compared to that under the control treatment. Pokkali being the salt tolerant genotype was expected to perform better than the other genotypes. This genotype is wellknown for salt tolerance and has been used as check cultivar in many studies on rice salt tolerance (Flowers et al., 1988; Lutts et al., 1995) . Salt stress significantly reduced photosynthetic and transpiration rates, but increased i WUE in all the genotypes evaluated for physiological responses (Table 5 ). The relatively high photosynthetic rate in Pokkali under the salt conditions is a refl ection of the genotype ability to withstand salt stress. WAB56-104 and NERICA4 displayed some degree of salt tolerance by sustaining relatively higher relative photosynthetic rates as compared with the O. glaberrima genotypes. As stated above, CG14 and Mala noir IV were completely killed by salt by the end of the experiment. These O. glaberrima genotypes appear to be more sensitive to NaCl salt thus could not withstand the prolonged stress period. Conclusively, O. glaberrima was sensitive to NaCl salt stress, while the interspecific group was relatively tolerant.
